I. INTRODUCTION
The weigela is a popular flowering shrub in Europe and North America.
There are many species of weigela, all native to eastern Asia, but most of the cultivars grown today belong to the species Weigela florida A. DC.
As with most deciduous shrubs, the conventional (CV) method of propagation of weigela involves the rooting of softwood cuttings.
However, this method may be unsuitable for some cultivars, producing plants which display a commercially undesirable growth habit, i.e., a single shoot with little or no branching.
Tissue culture (TC) propagation has produced beneficial changes in the growth habit of many species. The production of grapes from somatic embryos has resulted in the production of plants with a more rapid growth rate and a greater degree of branching than the stock plants from which they were derived (Krul and Myerson, 1980) . Thornless blackberry plants derived from in vitro shoot tip cultures have displayed a greater degree of shoot growth, cane and lateral branching, and flower production than CV-derived plants (Swartz et al., 1983) . Similarly, blueberry plants derived from in vitro shoot tip cultures have displayed increased growth rates, basal and lateral branching, and flower bud production over their CV-derived counterparts . The results of these studies would seem to indicate that perhaps the growth habit of some Weigela florida cultivars might be improved through the use of TC propagation.
Prior to this study, it was observed that TC-derived plants exhibited a visually superior growth form, i.e., increased branching and reduced apical dominance in comparison to CV-derived plants (L. C. Stephens, Department of Horticulture, Iowa State University, unpublished data, 1989 ).
In addition to creating a more visually desirable growth habit, the increased vegetative growth of TC-derived plants may allow them to serve as a superior source of nursery propagation material, increasing both the quantity and quality of cuttings available. In a previous study, it was observed that some of the improved characteristics of TC-derived blueberry plants persisted in their vegetative offspring . Finally, the stem sections were rinsed three times for two minutes each in sterile, deionized water. Under aseptic conditions, a thin slice of stem, 1 em in length and containing the axillary bud, was excised from each stem section and placed on a medium composed of inorganic MS salts (Murashige and Skoog, 1962) In the first vegetative generation, stock plant propagation method had significant effects on the growth habit of Weigela florida plants. Table   1 provides a comparison between the growth habits of CV and TC plants as measured by the mean main shoot length, average branch length, apical dominance, and number of branches greater than SO mm for each treatment.
Each treatment mean presented in Table 1 represents the treatment effect averaged over blocks.
Significant differences in growth habit between cultivars were observed, so separate analyses were conducted for each cultivar. Within the cultivar 'Red Prince', TC plants exhibited a highly significant decrease in apical dominance and a highly significant increase in the number of branches greater than SO mm. The decrease in apical dominance observed in TC plants can be attributed to a highly significant increase in average branch length rather than a significant decrease in main shoot length.
The cultivar '77SS' was similar in its response to TC-propagation of stock plants. TC plants exhibited a highly significant decrease in apical dominance and a highly significant increase in the number of branches greater than SO mm. In the case of '77SS', however, the decrease in apical dominance would seem to result from both a highly significant decrease in main shoot length and a highly significant increase in average branch length.
When the cultivars were combined, TC-propagation of stock plants had a highly significant effect on all four growth measurements. This would seem to indicate that although cultivars may differ somewhat in their response, TC-propagation of stock plants produces plants with less apical dominance and more branching than CV propagation in the first vegetative generation.
B. Experiment 2
Some of the effects of TC-propagation of stock plants were still present in second vegetative generation plants (Table 2 ). In the case of 'Red Prince', the average branch length and the number of branches greater than 50 mm were significantly greater in TC plants than in CV plants.
There was no significant difference in apical dominance between TC and CV plants, most likely due to the inability of the TC treatment to successfully reduce the main shoot length.
Within the cultivar '7755', TC plants still displayed significantly less apical dominance, due to a significantly shorter main shoot and significantly longer branches. TC plants, however, failed to exhibit a significantly greater number of branches greater than 50 mm.
When the cultivars were combined, TC propagation of stock plants significantly reduced apical dominance by increasing the average branch length, but failed to cause a significant increase in the number of branches. The results of this study show that some of the effects of TCpropagation of stock plants do persist into the second vegetative generation.
C. Comparison of Experiments 1 and 2
The effects of TC propagation on the growth habit of Weigela florida seem to diminish with time out of culture as evidenced by differences between first and second vegetative generation TC plants (Table 3) . For both cultivars, the effects of TC-propagation in the first vegetative generation were significantly greater than those observed in the second generation for all recorded growth measurements. CV plants differed significantly only in the number of branches greater than 50 mm between the first and second vegetative generation for the cultivar '7755' (Table   3) . zsignificance as determined by single degree-of-freedom F-tests with ** = significance at the 1% level, * -significance at the 5% level, and ns = nonsignificance. which has been shown to increase lateral branching in previous studies (Tucker, 1976; Healy et al., 1980) . The results of this study suggest that nursery growers will maximize the effectiveness of TC-propagation by purchasing TC stock plants which have been removed from culture a minimal amount of time and by using these TC stock plants as cutting sources as soon as possible after purchase.
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Another possible advantage of using TC stock plants in the vegetative propagation of Weigela florida is an improvement in the rooting ability of cuttings taken from them. Studies have shown that cuttings taken from TC stock plants have improved rooting ability over cuttings taken from CV stock plants in grape (Krul and Myerson, 1980) and rabbiteye blueberry (Lyrene, 1981) . Prior to this study, the rooting ability of TC cuttings of 'Red Prince' and '7755' was compared to that of CV cuttings, and it was observed that TC cuttings of 'Red Prince' rooted better than CV cuttings (L. C. Stephens, Department of Horticulture, Iowa State University, data unpublished, 1989). No differences in rooting ability were observed between TC and CV cuttings of '7755', indicating significant cultivar differences in response to TC. This would seem to suggest that the rooting ability of 'Red Prince' and other hard-to-root weigela cultivars may be improved by using TC-derived plants as cutting sources.
B. Physiological Aspects
Before one can explain the effects of TC-propagation on the apical dominance and branching of 'Red Prince' and '7755' plants, it is necessary to review what is currently known about the hormonal regulation of apical dominance. Apical dominance has been defined as the inhibitory influence of the apical shoot upon the lateral (axillary) buds, which prevents or slows their development (Salisbury and Ross, 1985) . If the apical shoot is removed, or its dominant influence rendered ineffective, lateral buds will, in most cases, resume growth.
While definitive results do not exist at this time, most studies seem to support the idea that the auxin, indole-3-acetic acid (IAA), produced in apical leaf primordia and young leaves is the correlative signal responsible for the inhibition of lateral bud growth. Thimann and Skoog (1934) tested this hypothesis by decapitating Vicia plants and applying auxin to the stump. It was shown that the application of exogenous auxin prevented the growth of axillary buds, just as the intact apex did. Subsequent experiments have repeatedly confirmed these results (Hillman, 1984) .
Cytokinins may also play a role in the regulation of apical dominance. In many species, the application of exogenous cytokinins will release buds from correlative inhibition. In Weigela florida, the exogenous application of BA has been shown to release buds from inhibition, and thus increase branching (Grzesnik and Rudnicki, 1985) .
Endogenous cytokinins also seem to influence axillary bud growth.
Mapelli and Lombardi (1982) compared endogenous cytokinin levels in two lines of tomato with differing degrees of apical dominance. It was shown that the 'torosa-2' mutant with strong apical dominance contained less cytokinin than the normal line. Both lines exhibited normal auxin activity.
It has been proposed that perhaps apical dominance is maintained through the regulation of cytokinin distribution within the plant (Phillips, 1975) . This hypothesis is based on the assumption that root-produced cytokinins, which are needed for shoot growth, accumulate preferentially in the apical shoot and thus deprive axillary buds of their supply. This hypothesis was supported by a study in which IAA application to the apical stump of decapitated Solanum cuttings was capable of decreasing the amount of basipetally applied 14 C-BA being transported to the axillary buds (Woolley and Wareing, 1972) . In addition, the simultaneous application of BA and IAA to decapitated soybean plants has been shown to enhance the inhibitory action of IAA (Ali and Fletcher, 1971) . These results would seem to indicate that root-produced cytokinins have an indirect inhibitory effect on axillary bud growth by enhancing apical shoot growth and IAA production.
However, sufficient basipetal application of endogenous cytokinins has been shown to initiate axillary bud growth (Woolley and Wareing, 1972) .
In the TC-propagation of Weigela florida, high levels (5mg/liter) of BA are used to initiate multiple shoot formation. The increased branching found in TC-derived plants is most likely caused by high endogenous cytokinin levels as a result of high exogenous applications of BA. While normal levels of cytokinin may be directed toward the shoot apex and actually suppress lateral growth, excessive levels may be able to satisfy the requirements of both the shoot apex and the axillary buds. Another possible hypothesis is that excess cytokinins initially increase the growth rate of the shoot apex. As the distance increases between the shoot apex and its axillary buds, its inhibitory influence diminishes, and bud growth can occur.
The persistence of TC-induced changes in growth habit may be explained in two ways. The exogenous cytokinin (BA) present in the TC medium may be taken up by the explant and metabolized to a stable storage form, resulting in the accumulation of potentially active cytokinin within the plant tissues. It is known that endogenously produced and exogenously applied cytokinins are often metabolized to stable, biologically inactive forms (McGaw, 1988) . It is suggested that such molecules act as cytokinin storage forms, being stable and yet easily metabolized under certain conditions to yield biologically active cytokinins when needed. Perhaps exogenous BA used in the TC production of Weigela florida is accumulated and stored within TCderived plants and is then metabolized during growth to yield higherthan-normal cytokinin levels. These storage cytokinins would also be 20 present in cuttings from TC-derived plants, and thus allow TC-induced changes in growth habit to persist in subsequent vegetative generations. This hypothesis would also explain the diminution of TC effects with time, as stored cytokinins are gradually used and degraded.
Another possible explanation of the persistence of TC-induced changes in growth habit is the induction of increased endogenous cytokinin production by the TC environment, in a manner similar to that causing cytokinin habituation in tobacco callus cultures (Meins and Binns, 1978) . Cytokinin habituation occurs when cells cultured on a medium containing cytokinin suddenly lose their requirement for cytokinin and thus continue to divide, even in its absence. It is hypothesized that the habituated state is maintained by a positivefeedback loop in which cytokinins either induce their own production or inhibit their own degradation (Meins, 1982) . Cells will remain in this state until the feedback loop is broken. Perhaps BA used in the production of Weigela florida induces all or some of the cells within the plant to become habituated and thus produce above-normal amounts of cytokinin. This is not likely to occur, however, as it has been shown that differentiation of plant tissues usually causes a reversion of the habituated state (Meins and Lutz, 1979) . 
